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ABSTRACT


Volume estimation equations for local, standard and Girard's fom class.


young-growth Sierra redwood [Sequoiaden- Sample tree measurements were made using


dron giganteum (Lindl.) Decne] have been a Tele-relaskop. The new equations

developed for dete:r:miningcubic foot or provide a more accurate estimate of

Scribner board foot volume. Three dif-. volume than previously existing Sierra

ferent equation types were developed: redwood volume equations.


KEYWORDS: Sierra redwood, volume estimation
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INTRODUCTION


Young-growth Sierra redwood 
[Sequoiadendron giganteum (Lindl. ) 

Decne] is an important timber resource 
in the central and southern Sierras 
occurring on an estimated 35, 600 acres. 
Over the past several years the amount 
of young-growth Sierra redwood harvested 

stands on 
State Forest. 

The 
project was 
and form 
tables for 
that will: 

Mountain Horne Demonstration 

specific objective of this 
to develop local, standard, 

class volume equations and 
young-growth Sierra redwood 

has gradually increased and this 
is expected to continue (Benson, 
sonal communication, 1985). 

Young-growth Sierra redwood 
characterized as having pointed 

trend 
per

are 
tops, 

shallow-furrowed bark and persistent 
limbs, including those that are dead, on 
the entire bole. 

The purpose of this study was to 
develop volume equations based on diame
ter, height, and a stem form descriptor 
that would apply to young-growth trees 
in stands of different densities where 
tree fonns may vary. 

BACKGROUND 

Accurate volume estimation equa

1) Represent a wider range of 
diameters (10 to 80 inches) and corre
sponding heights, 

2) Accurately estimate volume for 
all values of taper, and 

3) Will be applicable to the 
various stand conditions at Mountain 
Horne Demonstration State Forest. 

METHODS


Field sampling took place 
during the summer of 1986. One
hundred-sixty-seven sample trees 
were measured while standing using 
a Tele-relaskop. Descriptive 
statistics for the sample trees 
are provided in Table 1. 

In addition to the standing

tree measurements, a sub-sample of

29 trees were felled and measured.

The relationship of standing tree


tions are important 
reliable estimates of 
timber inventory, and 
stocking and growth and 

Volume estimation 

for developing 
harvest volume, 

for thinning, 
yield studies. 

equations for 
Sierra redwood were developed by Wensel 
and Schoenheide (1971), for Mountain 
Horne Demonstration State Forest. 
However, while these equations have been 

volume to cut tree

cut trees was used

ume of the standing


Volume Equation


volume for the

to adjust vol

trees.


Development

shown to be applicable 
have developed in open 
they have historically 
the volume of trees 

Table 1. Summary


Variable


DBH (inches) 

Total Height (feet) 

to trees that 
stand conditions, 

underestimated 
growing in dense 

of descriptive


Three types of volume estima
tion equations were developed in 

statistics for the sample trees.

Standard


N Minimum Maximum Mean Deviation 

160 11.4 112.4 35.1 15.9 

160 46 243 132 39 

Girard Form Class (percent) 160 35.7 93.1 67.2 7.3 

Total Volume (cubic feet) 160 12.8 4,000.0 327.3 425.9 

Total Volume (board feet) 160 48 29,498 2, 133 3,095 
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Tabe 2. Voume estimation equation coefficients and regres

sion statistics.


Units bO bl b2 b3 R2 SEE N


Local.


Cubic Feet 0.04469696 2.390837 0.962 1.23 158

Board Feet 0.08723565 2.699116 0.947 1.33 158


Standard


Cubic Feet 0.002438339 1.694874 1.098957 0.986 1.14 160

Board Feet 0.001682608 1.755956 1. 490641 0.981 1.19 160


Form Quotient


Cubic Feet 0.000043153 1.723417 0.999809 1. 049283 0.994 1.09 158

Board Feet 0.0000081253 1.795709 1.354768 1.390969 0.991 1.12 158


both cubic feet and Scribner board bi = regression 
feet units: 1) local volume coefficients. 
equat ion (equation 1), standard Table 2 lists the equation co
volume equation (equation 2) and efficients and summarizes the 
form class volume equation results of the equation 
(equation 3). The form for each development. Volume tables are

equation is given below. A log provided in the Appendix.

base 10 transformation of the

equation variables was used to TEST OF EQUATION RELIABILITY

linearize the data and to equalize

the variation.
 A test of the accuracy of the 

volume equations was performed 
Local V = bO DBHb1 [ 1] using an independent sample tree 

data set provided by the Mountain
Standard V = bO DBHb1 Hb2 [2 ] Home Demonstration State Forest 

staff. The sample data

Form Clas s V = bO DBHbl Hb2 Fb3 [3 ] measurements included DBH, total


height and the scaled volume

(Scribner board feet) for 311


where: V = Volume inside bark in

trees. Descriptive statistics for


cubic or board feet,

DBH = Diameter outside bark these trees are given in Table 3. 

The estimated volume using the

at breast-height in study equations was compared to
inches, the scaled volume of the


H = Total Height in feet, independent sample trees. In
F = Girard Form Class in
 addition to this comparison a

percent, and comparison was also made between


Tab~e 3. DescriE,tive statistics for the independent test trees. 
Standard 

Variabe N Minimum Maximum Mean Deviation 

DBH (inches) 311 11.3 58.4 20.1. . 8.0


Total Height (feet) 311 45 208 95 30


TotalVolume (boar<t feet) 311 30 4,000 390 553
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Table 4. Summary of root mean squared error and aggregate

difference for board foot volumes for the study equations and

old equations against 311 trees of scaled volume. 

Aggregate Difference Root Mean Squared Error 

Study 
(percent) 

Old Study 
(percent) 

Old 
Equation equations equations equations eguations 
Local 4.4 -43.0 2.9 8.2 

Standard 12.4 -32.4 4.2 4.8 

Form Class 7.0 N/A 2.4 N/A 

the scaled volume of the Based on this analysis the

independent sample trees and the new equations appear to provide a

volume estimated using the better estimate of Scribner board

equations developed by Wensel and foot volume.

Schoenheide (1971).


Two tests were used for the Roo~ Mean Sqpared Error Me~hod


comparison of the volume Another measure of the

estimated by the various reliability of an equation is the

equations: the aggregate extent to which the individual

difference test and the root mean observations of sample tree

square error test. volume deviate from the


regression surface (MacLean and

Aggregate Difference Method Berger, 1976).


Aggregate difference is the A measure of the residual

difference between the sum of the variation is the root mean

estimated tree volumes and the squared error (Equation [9]);

sum of the scaled tree volumes that is, the root of the mean

for the sample trees. The squared difference between the

results of the aggregate predicted and actual volumes.

difference are summarized in The results of this comparison,

Table 4. expressed as a percent of the


average tree volume, are
Results based on the aggre- summarized in Table 4.
gate difference test indicate

that the new equations

overestimated the scaled volume yL (Est. Val; Act.Vol) 2

by 12.4 percent for the standard RMS (%)= L kt.Vol x 100 [9]

volume equation while the form N

class and the local equations

provided better estimates. The

old equations significantly where: RMS = Percent root mean
underestimated the scaled volume.


squared error,

Form class was not measured Est. Vol. = Estimated tree volume


for the independent test sample based on volume

trees, however by using the estimation

average form class of 67.2 equations,

percent obtained from the Act. Vol. = Actual tree volume,

original sample trees, an and

aggregate difference of 7.0 N = number of trees.

percent was obtained.
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The root mean squared error of

4.2 and 2.9 percent for the new

standard and local volume

equations, respectively, indicate

that they more closely estimate

the actual scaled volume when

compared to the old equations

with RMS errors of 4.8 and 8.2

percent.
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Total height (feet)


_oI1-20-1-0O-r14o-115oTT601 170 I (80-1 190 I 200 I 210 I 220-1

10 23 106 121 136 152

12 32 146 166 187 209

14 42 218 274

16 54 346

18 66 426 472

20 79 145 512 568

22 94 171 216 606 671

24 109 200 , 2..l.L.. 306 706 782

26 126 230 L..2.B.2.J 353 812 900

28 143 262 329 402

30 161 295 312 453

32 181 331 416 508

34 463 565 673

36 512 625 144 811

38 563 681 819 958 1104

40 616 152 896 1048 1208


-.J 42 611 819 976 1142 1316

44 128 888 1059 1239 1428

46 1340 1544

48 1444 1664

50 1551 1188

52 1661 1915

54 1115 2046

56 1892 2181

58

60

62

64

66

68

70

12

74

16

18

80


* Volume (board feet) =.0.001682608*D611"1. 755956*Total lIeight"1.490641 



Ie feet. 

Total height (feet)


10 1 28

12 9 38

14 12 49

16 15 61

18 19 75 81

20 23 89 96

22 26 105 113

24 31 122 131

26 35 139 150

28 40

30 45 51 10 83 96 248 263

32 50 64 18 92 101 211 293

34 102 119 301 325

36 113 131 338 358

38 124 143 203 3'/1 392

40 135 156 222 266 1.Qi...,
428


00 42 141 110 241 289 l 1.12.J465

44 159 184 261 313 415 503

46 281 338 512 542 512 602

48 302 363 551 583 615 641

50 324 389 590 , 6..2..L.. 693
659

52 346 416 631 L6JilJ 104 141

54 369 443 672 ..-lll-.750 -,90

56 392 471 '/15Ll.5..6...J 840
198


58 500 715 ~~~ ~~~ 847 891
60 530 757 897 944
I I


62 560 801 850 899 948 990

64 591 742 793 891 949 1001 1053

66 622 182 836 890 945 999 1054 1110

68 655 823 879 936 994 1051 1109 1167

70 688 864 924 1044 1104 1165 1226

12 906 1032 1095..-1.l5JL.


[jill
969 1222 1286 

74 949 1015 1081 1147Will 1280 1347 
76 993 1062 1131 1200 1269 1339 1409 

18 10)8 1109 1181 1254 1326 1400 ~~H
BO lOB) 1158 1233 1309 ))B5 Jt1611c: . I 
* Volume (boardfeet) - Heightft1.4906410.001682608*DB"ftl.755956*Total




~rra redwood in Scribner board_feflt-

Diameter


breast-height One tenth inch

outside bark


'] 41516171819

10 44 56 71 89 108 130 155 183 213 247

12 71 89 108 130 155 183 213 247 283 323

14 108 130 155 183 213 247 283 323 366 413

16 155 183 213 247 283 323 366 413 463 517

18 213 247 283 323 366 413 463 517 575 637

20 283 323 366 413 463 517 575 637 703 772

22 366 413 463 517 575 637 703 772 846 925

24 463 517 575 637 703 772 846 925 1008 1095

26 575 637 703 772 846 925 1008 1095 1187 1283

28 703 772 846 925 1008 1095 1187 1283 1385 1491

30 846 925 1008 1095 1187 1283 1385 1491 1602 1719

32 1008 1095 1187 1283 1385 1491 1602 1719 1840 1967


\.0 34 118712831385149116021719184019672099 2237

36 1385 1491 1602 1719 1840 1967 2099 2237 2380 2529

38 1602 1719 1840 1967 2099 2237 2380 2529 2683 2844

40 1840 1967 2099 2237 2380 2529 2683 2844 3010 3182

42 2099 2237 2380 2529 2683 2844 3010 3182 3361 3545

44 2380 2529 2683 2844 3010 3182 3361 3545 3736 3933

46 2683 2844 3010 3182 3361 3545 3736 3933 4136 4346

48 3010 3182 3361 3545 3736 3933 4136 4346 4563 4786

50 3361 3545 3736 3933 4136 4346 4563 4786 5016 5253

52 3736 3933 4136 4346 4563 4786 5016 5253 5497 5748

54 4136 4346 4563 4786 5016 5253 5497 5748 6006 6271

56 4563 4786 5016 5253 5497 5748 6006 6271 6543 6823

58 5016 5253 5497 5748 6006 6271 6543 6823 7110 7404

60 5497 5748 6006 6271 6543 6823 7110 7404 7706 8016

62 6006 6271 6543 6823 7110 7404 7706 8016 8334 8659

64 6543 6823 7110 7404 7706 8016 8334 8659 8992 9333

66 7110 7404 7706 8016 8334 8659 8992 9333 9682 10039

68 7706 8016 8334 8659 8992 9333 9682 10039 10405 10778

70 8334 8659 8992 9333 9682 10039 10405 10778 11160 11551


* Volume (board feet) = 0.08723565*DBHA2.69911




Diameter


breast-height One tenth inch

outside bark


10 11 14 17 21 25 29 34 39 45 51 
12 17 21 25 29 34 39 45 51 58 65 
14 25 29 34 39 45 51 58 65 72 81 
16 34 39 45 51 58 65 72 81 89 98 
18 45 51 58 65 72 81 89 98 108 118 
20 58 65 72 81 89 98 108 118 129 140 
22 72 81 89 98 108 118 129 140 152 164 
24 89 98 108 118 129 140 152 164 177 191 
26 108 118 129 140 152 164 177 191 205 220 
28 129 140 152 164 177 191 205 220 235 251 
30 152 164 177 191 205 220 235 251 267 285 
32 177 191 205 220 235 251 267 285 302 321 

t-> 34 205 220 235 251 267 285 302 321 340 359
0 

36 235 251 267 285 302 321 340 359 380 401 
38 267 285 302 321 340 359 380 401 422 445 
40 302 321 340 359 380 401 422 445 468 491 
42 340 359 380 401 422 445 468 491 516 541 
44 380 401 422 445 468 491 516 541 566 593 
46 422 445 468 491 516 541 566 593 620 647 
48 468 491 516 541 566 593 620 647 676 705 
50 516 541 566 593 620 647 676 705 735 766 
52 566 593 620 647 676 705 735 766 797 829 
54 620 647 676 705 735 766 797 829 862 896 
56 676 705 735 766 797 829 862 896 930 965 
58 735 766 797 829 862 896 930 965 1001 1038 
60 797 829 862 896 930 965 1001 1038 1075 1113 
62 862 896 930 965 1001 1038 1075 1113 1152 1192 
64 930 965 1001 1038 1075 1113 1152 1192 1233 1274 
66 1001 1038 1075 1113 1152 1192 1233 1274 1316 1359 
68 1075 1113 1152 1192 1233 1274 1316 1359 1403 1447 
70 1152 1192 1233 1274 1316 1359 1403 1447 1493 1539 

* Volume (cubicfeet) = 0.04469696* DBHA2.390837 



Table 9. Form class volume table" for Sierra redwood in Scribner board feet (6 inch top,


Diameter

breast-height Total height (feet)

outside bark


123 136

171 189


250

311

392 430

414 520

562 611

651 121

158 833


t->

t->




Total height (feet) 

10 7 25 27 29 35 36 38 40 
12 10 35 37 40 47 50 52 55 
14 13 46 49 52 62 65 68 72 
16 16 57 61 65 78 82 86 90 
18 20 70 75 80 95 100 105 110 
20 24 36 84 90 96 114 120 126 132 
22 28 43 50 99 106 113 135 142 149 156 
24 33 49 66 115 123 132 156 165 173 181 
26 38 57 76 132 142 151 180 189 198 208 
28 43 64 75 86 172 204 215 225 236 
30 48 73 85 97 230 242 254 266 
32 54 81 95 108 257 270 284 297 
34 105 120 285 300 315 330 
36 116 132 315 331 348 364 
38 127 145 200 345 363 382 400 
40 139 159 218 250 417 437 

db 

I-' 151 173 238 281 432 
N 44 164 187 257 304 445 468 491 515 

46 278 328 480 505 530 556 
48 299 353 516 544 571 598 
50 321 379 642 

554 612 

42 397 454 475dfu 

52 343 406 593 655 686 
54 366 433 633 699 733 
56 390 461 674 745 780 
58 490 829 

dfu 

60 519 ;: I I 878 
62 549 761 803 845 887 930 
64 580 714 893 937 982 
66 612 753 800 847 894 941 988 1035 
68 644 793 842 892 94 1 991 1040 1090 
70 '59 1042 1094 1146677 833 885 990 
72 875 930 984 1203 
74 917 974 1032 10391089 1204 1261 

din .., 
ciffu1140 

76 960 1020 1080 1140 1200 1260 1320 
78 1004 1067 1130 1192 1255 
00 1019 1115 1100 1246 1Jll ; I I 

. Volume(cubicfeet)= 0.000043153. DBHA1.723417 . TotalHeightAO.999809 . 65A1.049283 


